Introduction
Ruthenium is a hard white metal. It does not transit at room temperature, but oxidizes explosively at high temperatures. The metal is not attacked by hot or cold acids or aqua-regia. The oxidation states of ruthenium range from +1 to +8, though oxidation states of +2, +3 and +4 are most common. The chief source of ruthenium is osmiridium, in which it ranges from 0.2% to about 20%. Ruthenium has highly effective ability to harden platinum and palladium and it is alloyed with these metals to make electrical contacts for severe wear resistance. The corrosion resistance of titanium is improved a hundred-fold by addition of 0.1% ruthenium. Ruthenium is used as a catalyst in some platinum alloys. The compound rutheniumtetroxide (RuO 4 ) is highly toxic similar to osmiumtetroxide (OsO 4 ) and may explode. Ruthenium does strongly stain human skin, may be carcinogenic and bio-accumulates in bone.
Hydrazones are important organic analytical reagents for the determination of metal ions in microgram quantities. They react with metal ions forming colour complexes and act as chelating agents. The potential applications of hydrazone derivatives for the spectrophotometric determination of metal ions have been reviewed by Singh et al. [1] . Few hydrazone reagents were used for the spectrophotometric determination of ruthenium(III) [2] [3] [4] [5] . The great interest towards derivative spectrophotometry is due to the increased resolution of spectral bands, allowing the detection and location of the wavelengths of poorly resolved components of complex spectra and reducing the effect of spectral background interferences. Derivative spectrophotometric methods for the determination of metal ions are not exploited much [6] [7] [8] [9] . In the light of the good analytical characteristics of hydrazones, herein we report zero, first and second order derivative spectrophotometric determination of Ru(III) using 3,5-dimethoxy-4-hydroxybenzaldehydeisonicotinoyl-hydrazone (DMHBIH) in presence of Triton X-100, a neutral (nonionic) surfactant medium.
Experimental

Apparatus
A Shimadzu 160A, microcomputer-based UV-VIS spectrophotometer equipped with 1.0 cm quartz cells was used for all spectral measurements. The instrumental parameters were optimized and the best results were obtained with a scan speed of 145 nm/min, slit width of 1.0 nm and ∆λ = 2 nm for the first order derivative mode in the wavelength range 350 nm to 650 nm. An ELICO LI-120 digital pH-meter was used for the pH adjustments. The reproducibility of the measurements is within 0.01 pH. Sartorius BS/BT 2245 model (Germany make) electronic analytical balance having maximum capacity of 220 g and sensitivity of ±0.1 mg was used for weighing purpose.
Reagents
All chemicals used were of A.R. grade unless stated. All solutions were prepared with distilled water.
Ruthenium(III) stock solution
The standard ruthenium(III) solution (1 × 10 -2 M) was prepared by dissolving 0.2076 g of ruthenium chloride (RuCl 3 A.R. LOBA) in minimum amount of dilute hydrochloric acid and diluted up to the mark using distilled water in a 100-mL standard flask. The stock solution was standardized spectrophotometrically [10] .
Triton X-100 solution Aqueous solution of 5% Triton X-100 was prepared by diluting 5.0 mL of Triton X-100 (GR Merck) to 100 mL with distilled water.
Buffer Solutions
Buffer solutions were prepared by 1.0 M hydrochloric acid -1.0 M sodium acetate (pH 0.5-3.5); 0.2 M acetic acid -0.2 M sodium acetate (pH 4.5-7.0); 0.25 M sodium tetraborate decahydrate -0.1 M hydrochloric acid (pH 8.0-9.1); 0.25 M sodium tetraborate decahydrate -0.1 M sodium hydroxide (pH 9.2-10.8). Solutions of various diverse ions of suitable concentrations were prepared using A.R. grade chemicals.
Synthesis of 3,5-dimethoxy-4-hydroxybenzaldehyde isonicotinoylhydrazone (DMHBIH)
The reagent 3,5-dimethoxy-4-hydroxybenzaldehyde isonicotinoylhydrazone (DMHBIH) was synthesized by refluxing equimolar amounts of 3,5-dimethoxy-4-hydroxy benzaldehyde and isonicotinoylhydrazide. In a 250-mL round bottom flask hot ethanolic solutions of 3,5-dimethoxy-4-hydroxybenzaldehyde (1.8218 g, 0.01 mole) and isonicotinoylhydrazide (1.3714 g, 0.01 mole) are mixed and refluxed using a water condenser for 5 h. On cooling the reaction mixture, a light greenish coloured crystalline product was separated out, collected by filtration and washed several times with (20%) ethanol in water and dried in vacuo. The resulting hydrazone was re-crystallized by using ethanol (yield, 76%; mp 221°C).
The infrared spectrum of the reagent shows bands at ν (cm 
Analytical properties of DMHBIH
The reactions of some important metal ions were tested at different pH values. The samples were prepared in 25-mL volumetric flasks by adding 10 mL of buffer solution (pH 1.0-11.0), 0.5 mL of 1 × 10 -3 M metal ion, 1.0 mL of Triton X-100 (5%) and 0.5 mL of 1 × 10 -2 M DMHBIH reagent solution. The mixture was diluted up to the mark with distilled water. The absorbance was measured in the 350-700 nm range against reagent blank. The results are summarized in Table 1 .
Recommended procedures
Determination of ruthenium(III) (zero order)
An aliquot of the solution containing 0.202 to 4.043 µg/mL of Ru(III), 10 mL of buffer pH 4.25, 1.0 mL of Triton X-100 (5%) and 1.0 mL of DMHBIH reagent 1 × 10 -2 M were taken in a 25-mL volumetric flask and the solution was diluted up to the mark with distilled water. The absorbance of the solution was recorded at 390 nm in a 1.0-cm cell against reagent blank prepared in the same way but without metal ion. The measured absorbance was used to compute the amount of ruthenium(III) from the calibration plot.
Determination of Ru(III) by first order derivative spectrophotometry
For the above solution of Ru(III)-DMHBIH a first order derivative spectrum was recorded with a scan speed having degrees of freedom 9 in the wavelength range 350 nm to 600 nm. The first order derivative peak height (h) was measured by the peak-zero method at 426 nm. The peak height was plotted against the amount of Ru(III) to obtain the calibration curve.
Determination of Ru(III) by second order derivative spectrophotometry
For the above solution, second order derivative spectrum of Ru(III)-DMHBIH system was recorded with reference to reagent blank in the wavelength range 350 nm to 600 nm. In the second order derivative spectrum the peak height at 438 nm was measured from the zero line of the spectrum. Calibration plots were constructed by plotting the derivative amplitude against the amounts of ruthenium(III).
Analysis of alloy samples 0.5 g sample of alloy was digested in 15 mL of aquaregia by warming and the solution was evaporated to dryness. The residue was dissolved in 10 mL of diluted HCl and the resulting solution concentrated to 5.0 mL, diluted to 50 mL with distilled water, filtered and made up to the mark in a 100-mL volumetric flask.
Real water samples
Each filtered (with whatman No. 40) river water sample (250 mL) was mixed with 10 mL of concentrated nitric acid in a 500-mL distillation flask. The sample was digested in the presence of excess potassium permanganate solution according to the method recommended by Fifield et al. [11] . The solution was cooled and neutralized with a dilute NH 4 OH solution. The digest was transferred into a 25-mL standard flask and diluted up to the mark with distilled water.
Results and discussion
The reagent DMHBIH was easily synthesized as any other Schiff base reagent. So far the new chromogenic reagent DMHBIH was not used for the determination of Ru(III). The de-protonation constants of DMHBIH have been determined by recording UV-Visible spectra of µM (1. In acidic medium, the ligand presumably exists in enolic form and co-ordinates the metal ion as monoanion to give neutral complexes. The colour reactions of some important metal ions with DMHBIH are summarized in Table 1 . The colour reactions are mainly due to complex formation of DMHBIH with divalent, trivalent metal ions such as Pd(II), Cu(II) Au(III) and Ru(III) in acidic medium to give intense coloured complexes.
Absorption spectra
The absorption spectra of the DMHBIH reagent and [Ru(III)-DMHBIH] complex recorded in optimum conditions against buffer solution and reagent blank, respectively, are shown in Fig. 3 . The complex shows absorption maximum at an analytical wavelength of 390 nm, where the reagent does not show appreciable absorbance. Therefore, analytical wavelength 390 nm was used for all measurements.
Effect of pH
The effect of pH on the colour reaction was studied and the optimum pH was established for the reaction mixture by employing the recommended procedure. A plot was made between pH and absorbance of the complex at 390 nm and shown in Fig. 4 . Ruthenium(III) reacts with DMHBIH in acidic buffer to give a brownish yellow coloured water soluble complex. The colour reaction between ruthenium(III) and DMHBIH was instantaneous even at room temperature in the pH range 2.0 to 6.0, the maximum colour intensity is observed at pH 4.25. Hence, pH 4.25 was kept constant throughout the experiment.
Effect of time
The absorbance of the solution was measured at different time intervals to ascertain the stability of the coloured complex. The colour reaction between Ru(III) and DMHBIH is instantaneous at room temperature. A slow decrease in absorbance of the coloured species is observed after 20 minutes. The stability of the complex was increased by adding neutral surfactant. The absorbance of the Ru(III)-DMHBIH complex remains constant more than 3 h in presence of the neutral surfactant Triton X-100.
Effect of surfactants
The effect of various surfactants such as Triton X-100, sodium dodecyl benzene sulphonate (SDBS) and cetyl trimethyl ammonium bromide (CTAB) on the absorption profiles of the Ru(III)-DMHBIH system has been investigated and presented in Table 2 . In presence of Triton X-100 the complex is more stable and exhibited maximum absorbance. Hence, Triton X-100 is selected for further studies. 
Effect of Triton X-100
A study on the effect of volume of Triton X-100 on the absorbance of the complex indicates that absorbance of the metal complex remains constant over a range of 1.0 mL to 4.0 mL of Triton X-100 (5%). Therefore, 1.0 mL of Triton X-100 (5%) was sufficient in all analytical studies. Triton X-100 serves to stabilize and sensitize the metal complex.
Effect of DMHBIH concentration
On varying the volume of reagent DMHBIH (1 × 10 -2 M) from 0.5 mL to 4.0 mL, constant absorbance was obtained from 1.0 mL to 4.0 mL. Therefore, a 10-fold molar excess of DMHBIH reagent is essential for complete and constant colour development. Excess of reagent has no effect on the absorption of the complex.
Order of addition of reactants
The order of addition of metal ion, DMHBIH reagent, buffer solution and surfactant has no adverse effect on the absorbance of the Ru(III)-DMHBIH coloured complex.
Calibration graphs and analytical characteristics
The system obeyed Beer's law in the range 0.202 to 4.043 µg/mL of Ru(III) with excellent linearity in terms of correlation coefficient value (r = 0.99). However, the practical range of determination of Ru(III) obtained from Ringbom's curve is 0.809 to 3.639 µg/mL at 390 nm. Table 3 .
Composition and stability of the complex
The composition of the complex is determined by Job's continuous variation method and mole ratio method and found to be 1:1 [Ru(III): DMHBH]. The stability constant of the complex is determined as 1.82 × 10 6 by Job's method. Derivative spectrophotometry is a useful technique because it decreases the interference, i.e. increases the tolerance limit value of foreign ions and may be advantageously used for the determination of metal ion having overlapping spectra. The conceptual simplicity, relatively quick and easy realization, increased selectivity in the analysis of minor components, are the main reasons why the interest in derivative spectra is constantly growing for practical applications. The recommended derivative procedure has been employed for the determination of Ru(III) using DMHBIH.
The first order and second order derivative spectral graphs are shown in Fig. 5 and Fig. 6 , respectively. This shows that, the derivative amplitude measured at 426 nm for first order and 438 nm for second order were found to be proportional to the amount of ruthenium(III). 
Effect of diverse ions
The effect of various diverse ions in the determination of Ru(III) was studied to find out the tolerance limit of foreign ions in the present method. The tolerance limit of a foreign ion was taken as the amount of foreign ion required to cause an error ±2% in the absorbance or amplitude. The results are given in Table 4 . The data obtained in the derivative method is also incorporated. The data suggests that larger amounts of many anions such as bromide, iodide and urea do not interfere when they present more than 1000 µg/mL. Sulphate, nitrate, tetraborate and phosphate were tolerable more than 150 µg/mL. Cations such as barium(II), magnesium(II), zinc(II) and manganese(II) do not interfere when they are present up to 100 µg/mL. Lanthanum(III), tungsten(VI), cobalt(II), lead(II), rhodium(II) and strontium(II) were tolerable more than 50 µg/mL in the determination of ruthenium(III) using DMHBIH. However, metals like vanadium(V), chromium(VI), antimony(III) and arsenic(III) are seriously interfered. The interference of associated metal ions such as copper(II) and iron(III) was decreased with masking agents thiourea and fluoride respectively.
Applications
The spectrophotometric determination of Ru(III) in synthetic alloy samples and real water samples were carried out by employing the recommended procedure. A known aliquot of the sample solution was taken in a 25-mL volumetric flask containing 10 mL of buffer pH 4.25, 1.0 mL of Triton X-100 (5%) and 1.0 mL of DMHBIH reagent 1 × 10 -2 M reagent solutions. The contents in the flask were made up to the mark with distilled water. The amount of ruthenium(III) present in these samples was computed from a predetermined calibration plot and results are summarized in Table 5 .
Conclusions
The present method, using DMHBIH as spectrophotometric reagent for the determination of Ru(III) in presence of Triton X-100 was considerably superior to other spectrophotometric methods, when comparing analytical parameters viz. linear range and molar absorptivity (see Table 6 ).
Most of the spectrophotometric methods involve both extraction and heating of the reaction mixture [13] [14] [15] or only heating [16, 17] . The organic solvents used for the extraction process, such as benzene and chloroform, are often carcinogenic, toxic and cause environmental pollution. Heating at a specific temperature for a long time is laborious and time consuming. The present method is not laborious and there is no need of heating the components or preextraction. Further, the Triton X-100 enhances the stability of the metal complex. Moreover, the present method is simple, rapid, reasonably sensitive and selective for the determination of ruthenium(III). 
